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FORMAT OF THESIS 
This Thesis is presented in the Journal of Animal Science style format, as outlined by 
the Oklahoma State University graduate college style manual. The use of this format 




The beef industry is constantly in a battle with other protein sources for a share of 
the consumer's food dollar. Fortunately, beef demand has begun to increase after years 
of decline. According to the National Cattlemen's Beef Association, beef demand has 
increased more than three percent since 2000 (NCBA, 2003). Part of this increase in 
demand is a direct result of an aggressive advertising campaign and the introduction of 
new, innovative beef items. Termed "Value-Added Beef', these items include 
convenience items, as well as, new and improved muscle cuts showing the beef industry 
is attempting to target consumer preferences. While some of these new items include 
chuck and round cuts, most of the monetary value of a beef carcass is still derived from 
the rib and loin., which comprise less than. 30% of the beef carcass on a weight basi . 
Whereas, beef chuck and round comprise over 5Q% of the beef carcass on a weight basis, 
but unfortunately are typically fabricated into low-priced roasts, steaks, or ground beef. 
Moreover, these roasts and steaks typically consist of numerous muscles, which can 
account for variations in palatability and ultimately hinder the marketability and 
acceptability of these cuts. 
It has been suggested that the beef chuck, which comprises approximately 26 to 
27% of the beef carcass on a weight basis, is perhaps the most under utilized wholesale 
cut of the beef carcass (Cecchi et aI., 1988). Many researchers have documented the 
palatability of certain chuck muscles such as the infraspinatus, which has proven to be 
very tender when evaluated using Wamer-Bratzler shear force and/or trained sensory 
panel evaluations (Cecchi et aI., 1988; Patterson and Parrish, 1986· McKeith et al. 1985; 
Ramsbottom and Strandine, 1948). While the palatability of certain chuck muscles is 
well documented, little has been done to capitalize on this infonnation. Furthennore, the 
inconsistency and sometimes less than desirable palatability of certain chuck and round 
muscles has also been documented to some extent. 
Today many techniques are being utilized to improve the palatability of beef from the 
chuck and round, in an effort to improve consistency and add value to the carcass. 
Several of these methods include blade tenderization marination, and the use of 
exogenous proteolytic enzymes. The objective of this study was to evaluate the potential 
for developing palatable steaks, suitable for foodservice establishments, from 
underutilized beef muscles. To carry out this study, four chuck muscle (infraspinatus, 
triceps brachii, teres major, and supraspinatus) and four round muscles (rectus femoris, 
vastus lateralis, biceps femoris, and semimembranosus) that had previously been 
identified by work conducted at the University of Nebraska and the University of Florida 
were utilized (Von Seggem, 2000; Brickler, 2000). Three USDA quality grades (Choice, 
Select, and Statldard) were sampled to determine the effect of mechanical tenderization 
and marination on the Warner-Bratzler shear force, trained sensory panel evaluations, and 
consumer ratings of steaks produced from individual muscles coming from the beef 




REVIEW OF LITERATURE 
THE BEEF CHUCK AND ROUND 
Numerous research has been conducted to determine the physical and chemical 
properties of various beef chuck and round muscles. Such work can be traced back as 
early as the 1940's with the work of Ramsbottom, Strandine, and Koonz or more recently 
to the research conducted at the University of Florida and the University of Nebraska. 
The majority of this research has focused on the chemical or physical properties of these 
muscles as detennined by Warner-Bratzler shear force and trained sensory panel analysis. 
While this is useful and important infonnation, the ultimate goal should be to determine 
consumer's acceptance of these muscles/cuts at the foodservice and retail level, and the 
economic feasibility for packers to isolate these individual muscles. Palatability, 
fabrication time, labor, and yield will ultimately determine the acceptability and 
feasibility of these muscles. It will also be important to determine if certain postmortem 
practices can be employed to improve the palatability and consistency of these muscles to 
increase their acceptance at the consumer level. If it can be determine that consumers are 
willing to accept these muscles at the foodservice or retail level, the utilization of these 
muscles could be an important means of increasing the value of the chuck and round and 
ultimately the beef carcass as a whole. 
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When developing new or different food items the palatability of those items is of 
the utmost concern. Within the meat industry, palatability is most often described as the 
juiciness, tenderness, and flavor of the cooked product. Of these three attributes 
tenderness is overwhelmingly recognized as the most important factor. According to 
Forrest et a1. (1975), no palatability factor has been studied more than tenderness. 
Koohmaraie (1988) stated "tenderness is the predominant quality determinant and 
probably the most important organoleptic characteristic of red meat." Accordingly, 
recent research conducted by Boleman et a1. (1997) showed that consumers are actually 
willing to pay a premium for guaranteed tender products. However, the perception of 
tenderness has many various components and can differ between consumers. The 
perception of tenderness, as described by Forrest et al. (1975), is thought to be affected 
by the following conditions: 
I.	 Softness to tongue and cheek is the tactile sensation resulting from contact of 
the meat with tongue and cheek. 
2.	 Resistance to tooth pressure relates to the force needed to sink the teeth into 
meat. 
3.	 Ease offragmentation is an expression of the ability of the teeth to cut across 
the fibers. 
4.	 Mealiness is an exaggerated type of fragmentation. Small particles cling to 
the tongue, gums, and cheeks and give the sensation of dryness. 
5.	 Ad~esion denotes the degree to which the fibers are held together. 
6.	 Residue after chewing is detected as that connective tissue remaining after 
most of the sample has been masticated. 
While tenderness is unquestionably very important, one cannot downplay the 
roles of the other palatability factors. Regardless of the tenderness of a product, 
unacceptable flavor will be considered less than de~irable by consumers. Flavor .and 
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aroma have been attributed to causing many of the psychological and physiological 
responses experienced when meat is eaten (Forrest et aI., 1975). Accordingly juiciness is 
also very important; it is believed that in some instances increased juiciness can result in 
the perception of increased tenderness. According to Forrest et al. (1975): "Meat juices 
play an important role in conveying the overall impression of palatability to the 
consumer. They contain many of the important flavor components, and assist in the 
process fragmenting and softening the meat during chewing. Regardless of the other 
virtues of meat, the absence of juiciness severely limits its acceptability, and destroys its 
unique palatability characteristics." Because palatability and its attributes are very 
important to consumer satisfaction it has long been the practice of the meat industry to try 
and improve or at least control these attributes through various postmortem treatments 
and USDA quality grading. 
Postmortem Treatment and BeefPalatability 
Mechanical Tenderization. Mechanical or blade tenderization often referred to as 
"needling", has long been employed to improve the tenderness of beef. As indicated by 
both National Beef Tenderness Surveys (Brooks et ai., 2000; Morgan et ai., 1991), there 
are consistent tenderness problems associated with beef round and chuck subprimals. 
Numerous research has shown that mechanical tenderization improves the tenderness of 
beef by lowering shear force values and/or improving trained sensory panel ratings 
(Jeremiah et ai., 1999; Pringle et al., 1998; Boyd et ai., 1978; Glover et aI., 1977; Savell 
et al., 1977). Mechanical tenderization consists of passing steaks or sub-primals through 
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a bank of needles or rotary macerator (Romans et aI., 1994). It is believed that this 
improvement in tenderness is a direct result of the physical disruption of muscle fibers 
and connective tissue as the blades or needles penetrate the meat. 
Previous research indicates that mechanical tenderization can also improve other 
palatability attributes of certain bovine muscles. Jeremiah et a1. (1999) reported that 
mechanical tenderization improved the flavor desirability and overall palatability of 
certain round muscles as perceived by trained sensory panelists, while Pringle et al. 
(1998) reported that mechanical tenderization also improved the overall palatability 
scores of top sirloin steaks. Jeremiah et a1. (1999), Pringle et a1. (1998), and Savell et a1. 
(1977) have all shown that mechanical tenderization lowers the amount of detectible 
connective tissue in certain muscles as perceived by trained sensory panelists. 
Unfortunately, previous research has also indicated that mechanical tenderization 
can actually lower palatability ratings or at least certain palatability attributes in some 
instances. Jeremiah et a1. (1999), Pringle et al. (1998) Medeiros et a!. (1988), and Savell 
et a1. (1977) all reported that mechanical tenderization lowered the juiciness of steaks 
from certain muscles as percei ved by trained sensory panelists while Boyd et at. (1978) 
reported that mechanical tenderization significantly decreased trained sensory panel 
flavor scores. However, Glover et a1. (1977) reported that none of the variation in the 
flavor or juiciness of round and loin steaks could be attributed to mechanical 
tenderization in their study. Savell et a1. (J 977) also reported that mechanically 
tenderized loin steaks were rated as more mealy than non-tenderized loin steaks. 
While there was no microbial aspect to this project, mechanical tenderization does 
introduce the potential for contamination. Therefore it is an important issue to consider 
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because food safety is on the minds of so many consumers. Research conducted by Boyd 
et a1. (1978) showed that semimembranosus muscles passed through a mechanical 
tenderizer four times had signifi.cantly higher microbial counts (both aerobic and 
anaerobic microorganisms) than samples passed through zero, one, and two times. While 
microbial counts did increase with each number of passes, the difference in microbial 
counts between the treatment groups (zero, one, or two passes) was not significantly 
different. The work of Raccach and Henrickson (1979) showed there was no difference 
in the aerobic plate counts of tenderized and non-tenderized biceps femoris muscles taken 
from the interior of the muscle. However, Raccach and Henrickson (1979) attribute this 
to the sanitary condition of the tenderizer, and mentioned that under unsanitary 
conditions mechanical tenderization could aid in the proliferation of microbial organisms, 
resulting in a shorter shelf life and potentially posing a public health risk. 
Marination. The Oxford English Dictionary (Simpson and Weiner 1989) defines 
a marinade as a pickle, generally composed of wine and vinegar, with herbs and spices, in 
which fish or meat is steeped. The marination of meat items has long been utilized to 
improve palatability. Unfortunately, excluding calcium chloride marination, ther has 
been very little literature published about the effects of marination on beef palatability. 
Until recently the application of marinades generally occurred in the home or at the 
foodservice establishment, however, with the upstart of companies such as National 
Steak and Poultry in Owasso, OK we are beginning to see the commercial application of 
marinades at the processing level. Marinades can potentially improve meat palatability 
through the addition of flavor, increase in juiciness, and improvement of tenderness. 
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Research conducted by Howat et al. (1983) and Wenham and Locker (1976) have 
shown that marination utilizing weak acids were effective in lowering shear force values 
and improving sensory panel scores in semimembranosus and sternomandibularis 
muscles, respectively. Wenham and Locker (1976) were also able to show that the 
marinati.on of sternomandibularis samples for 8 h and 43 h resulted in a weight gain of 
8% and 19%, respectively; and most of this extra moisture was retained after cooking. 
However, they also reported that marination had no effect on juiciness as perceived by 
sensory panelists. While both articles have show that marination is effective on cuts of 
questionable tenderness, Wenham and Locker (1976) went on to show that marination is 
only marginally effective when used on higher quality cuts of meat such as longissimus 
dorsi muscle. This led the authors to believe that the major effect of marination is on 
connective tissue. This corresponds in part, with the conclusions of Howet et aI. (1983) 
who hypothesized that the effect of the marination may be due to increased hydration of 
the muscle fiber and solubilization of collagen. Wbenaham and Lock r (1976) went on 
to conclude that for high quality steaks, the introduction of exotic flavors might be the 
major benefit ofmarination. 
Exogenous Proteolytic Enzymes. Exogenous proteolytic enzymes are often used 
to improve tij.e tenderness of less tender meat items. Their use can be traced back at least 
500 years to Mexican-Indians wrapping their meat in leaves from the papaya tree (Tucker 
and Woods, 1995). The three most commonly used proteolytic enzymes are derived from 
tropical plants: papain: papaya; bromelin: pineapple; and ficin: fig (Romans et aI., 1994). 
However, some proteolytic enzymes derived from bacterial and fungal origins such as 
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Aspergillus oryzae are available and approved for use with food products. Proteolytic 
enzymes work by degrading muscle fibers and/or connective tissue (stromal proteins) to 
different degrees (Romans et aI., 1994). Fawcett and McDowell (1987) describe this 
protein degradation as taking two basic forms: 
1.	 Complex peptides are hydrolyzed into a few smaller and more flavorful 
proteins (endo-peptidase activity). 
2.	 Small units are lopped off the end of the more complex chain, which tends to 
produce less acceptable textural and flavor changes. 
According to Fawcett and McDowell (1987) most commercially available enzymatic 
tenderizers are nonspecific and therefore breakdown both muscle fibers and collagen. 
Previous research has also suggested that many of the commercially available enzymes, 
papain in particular, have the potential to over tenderize meat products resulting in a 
mushy texture that is unsatisfactory to trained sensory panelists (Bowling, 1980).. It has 
been suggested that the development of a more specific proteolytic enzyme that does not 
over tenderize meat would be beneficial to the meat industry. The fungal enzyme 
Aspergillus oryzae is believed to be such an enzyme, however, information about its 
effectiveness is sparse and often conflicting. Research conducted by Gerelt et a1. (2000) 
and information available on the Texas A&M University Meat Science website suggest 
that Aspergillus oryzae is effective at disrupting connective tissue. The conclusions made 
by Gerelt et a1. (2000) are based on the disruption of intramuscular connective tissue as 
seen on scanning electrorunicTographs of samples prepared from Aspergillus oryzae 
treated meat samples. However, Ashie et al. (2002) concluded that Aspergillus oryzae 
did not hydrolyze collagen in beef semimembranosus and deep pectoral muscles when 
measured according to the method ofCronJund and Woychik: (1987). Both Gerelt et al. 
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(2000) and Ashie et al. (2002) do agree, however, that Aspergil/u' oryzae does degrade 
myosin and improves tenderness as measured via trained sensory panel evaluations and 
Warner-Bratzler shear force determination, respectively. They also both agree that 
Aspergillus oryzae is not as effective as papain at tenderizing meat, but they both suggest 
that Aspergillus oryzae is a more suitable proteolytic enzyme for meat tenderization, 
presumably because over tenderization is less of an issue. Ashie et al. (2002) further 
support this conclusion by demonstrating that Aspergillus oryzae does not significantly 
affect tenderness during refrigerated storage beyond day 1 of storage suggesting that the 
tenderizing effect of Aspergillus oryzae occurs primarily during cooking. This 
conclusion, if further substantiated, could be very useful at the processing level. 
Postmortem Aging. The use of postmortem aging to improve palatability 
attributes such as tenderness and flavor has been utilized for quite some time. It is 
believed that the first scientific evidence that postmortem aging improves t ndemess wa 
reported by Lehmann in 1907 (Koohmaraie, 1988). There are two different type of 
postmortem aging that impart distinctly different types of flavors: wet aging and dry 
aging. Wet aging, which is most common in industry, involves aging sub-primals or cuts 
in vacuwn bags and is thought to impart some acidic flavor. Dry aging, which is less 
common and done more for upscale establishments, involves the aging of sub-primals or 
carcasses exposed to air. Dry aging is thought to impart more woody or nutty flavors. 
The production of these flavor compounds is believed to be the result ofmicrobes such as 
yeasts and in some cases molds (Forrest et aI., 1975). Others suggest that these flavors 
might be the result of the oxidation of fatty acids. Both wet and dry aging are thought to 
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have the same effect on tenderization, however, the rate and extent to which postmortem 
aging effects tenderness can vary widely (Koohmaraie, 1996). This variation can depend 
on many factors including animal age, sex, breed and muscle type (Geesink et aI., 1995). 
According to Stuby-Souva et a1. (1994) tenderness differences occur between carcasses, 
between muscles in the same carcass, and within individual muscles. Mu de fiber type 
even plays a role in rate of tenderization, with fast-twitch-glycolytic muscles aging more 
rapidly than slow-twitch-oxidative muscles (Geesink et al., 1995). The time allotted for 
postmortem aging can also vary widely, however, according to Koohmaraie (1996) the 
optimum length of time for postmortem aging to maximize the tenderizing effects is 10­
14 days. It is important to note that postmortem aging and a muscles overall response 
does not guarantee tenderness. While a muscle may respond very well to postmortem 
aging it may in fact still remain very tough, because everything is relative to its initial 
tenderness point. The muscles in this study were aged for 21 days postmortem in order to 
optimize tenderizing effects and to most clo ely mimic the amount of aging typically 
seen in the foodservice industry.. 
The action by which postmortem aging affects tenderne s is not completely 
understood. According to Koohmaraie (1996) the tenderizing effect of postmortem aging 
is most likely due to the proteolysis of myofibrillar and associated proteins such as titin, 
nebulin, troponin-T, desmin, and vinculin. The actual proteases involved in this 
tenderization are also not completely understood and have been widely debated until 
recently. Most researchers now agree that calpains are most likely the proteases 
involved. According to Koohmaraie (1996) a protease must meet three criteria in order 
to be a candidate for postmortem tenderization: 
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1. The protease must be endogenous to skeletal muscle cells. 
2.	 The protease must have the ability to reproduce postmortem changes m 
myofibrils in an in-vitro setting under optimum conditions. 
3. The protease must access to myofibrils in tissue. 
According to Koohmaraie (1996) calpains, or more specifically J.1-calpains are the only 
proteases that meet all of the above listed criteria. 
It is also believed by some researchers that the structural weakening of stromal 
proteins (connective tissue) during the postmortem aging of meat may also playa role in 
the tenderization effect seen. According to research conducted by Nishimura et al., 
(1998) rapid decreases in shear force values were seen up to 10 days postmortem with 
gradual decreases seen thereafter. Nishimura et al. (1998) believe that this initial 
decrease in shear force is due to the structural weakening of myofibrillar proteins, while 
the fmal more gradual decrease in shear force is due to the continued weakening of 
myofibrillar proteins along with the structural weakening of intramuscular connective 
tissue. Nishimura et al. (1998) demonstrated that the mechanical strength of 
intramuscular connective remained unchanged for up to 10 days postmortem, but then 
began to decrease linearly until day 35. 
USDA Quality Grade and Palatability 
According to Smith et al. (1987) USDA quality grades were originally designed 
to provide the basis for reporting dressed beef markets. However, USDA quality grades 
have been amended and evolved over the years in order to try and sort carcasses into 
groups based on palatability differences according to overall maturity and marbling 
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scores. Unfortunately there has been much conflicting evidence over the years as to 
exactly how well USDA quality grades can predict cooked beef palatability. 
It has been documented that across the entire range of USDA quality grades, 
USDA Prime (most desirable) to USDA Canner (least desirable), quality grading does an 
effective job of determining palatability differences between carcasses (Sntith et aI., 
1987). However, among a more narrow range of grades such as USDA Choice, USDA 
Select, and USDA Standard the lines are not as clearly defined. Dolezal et al. (1982) 
showed that among USDA Choice, Good (Select), and Standard steaks, USDA Choice 
steaks generally received mgher scores in trained sensory panel evaluations. However 
the data also showed that overall tenderness and connective tissue amount scores were 
not significantly different between USDA Choice and USDA Select steaks, while 
juiciness scores between USDA Select and USDA Standard were also not significantly 
different. Armbruster et a1. (1983) were able to show that marbling, which is the primary 
determinant of USDA quality grade within A maturity carcasses, is positively associated 
with flavor and juiciness among Angus cattle. However, they also showed that marbling 
score explained less than 4% of the variation in flavor, 2% of the variation in juicin ss, 
and 1.2% of the variation in tenderness. Accordingly, cut may also playa substantial role 
in whether or not quality grade accurately indicates palatability. ill a study conducted by 
Smith et al. (1987) in wmch both strip loin (longissimus dorsi) amples and round 
samples (semimembranosus, biceps femoris, and semitendinosus) were evaluated, the 
researchers determined that USDA quality grades were not useful in determining the 
palatability of broiled round steaks. It would also be important to consider if some of the 
aforementioned postmortem treatments aimed at improving palatability can mask 
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Consumer and trained sensory evaluation of muscles isolated from the beef chuck 
and round 
A. T. Elam, J. C. Brooks, J. B. Morgan, and F. K. Ray
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ABSTRACT: Individual beef chuck and round muscles representing various USDA 
quality grades (Choice, Select, and Standard) were evaluated to assess their potential as a 
value-added foodservice steak from underutilized beef muscles. Four chuck muscles 
(infraspinatus, triceps brachii, teres major, and supraspinatus) and four round muscles 
(rectus femoris, vastus lateralis, biceps femoris, and semimembranosus) were utilized in 
this study. Individual muscles were trimmed free of visible connective tissue and furth r 
processed into 0.2 kg portion sized steaks. Steaks were then subject d to one of two 
marination treatments (treated or negative control). Treated muse! s were mechanically 
tenderized, twice, using a needle tenderizer, and their steaks wer marinated for two, 6­
min cycles in a vacuum tumbler utilizing a marinade consisting of water, Aspergillus 
oryzae, and salt. Steaks were then allowed to reach a combined (sub-primal and steak) 
age of 21 d before further analysis. Steaks were evaluated for sensory characteristics via 
consumer panel and trained sensory panel. The infraspinatus, rectus femoris, and teres 
major received the highest (P < 0.05) consumer overall acceptability and tenderness 
ratings, whereas the vastus lateral is had the lowest overall acceptability scores among aU 
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muscles evaluated. The vastus lateralis biceps femoris semimembranosus, and 
supraspinatus received the lowest (P < 0.05) tenderness ratings among all steaks 
evaluated by consumers. Treated steaks from the eight muscles ranked significantly 
higher for all consumer sensory attributes when compared to their non-treated control (P 
< 0.01). Trained sensory panel evaluations varied greatly by grade and treatment, with a 
grade by treatment interaction evident for several muscles. Generally treated steaks 
received more favorable ratings than their non-treated counterparts for all sensory 
attributes. Grade effects varied, with USDA Choice muscles receiving higher scores in 
most instances. For muscles with quality grade by treatment interactions, treated steaks 
from USDA Choice carcasses generally received the most favorable ratings. These data 
show that treated USDA Choice steaks, especially those isolated from the infraspinatus, 
rectus femoris, and teres major, exhibit the most potential for producing palatable steaks 
based on their overall consumer and sensory panel values. 
Key Words: Beef, Muscle, Sensory Evaluation, Consumer Panel Marination 
Introduction 
The wholesale beef chuck and round represents a large percentage of a beef 
carcass on a weight basis. Unfortunately, cut from the chuck and the round have 
traditionally been of low value and fabricated into low-priced roast and ground beef, 
while cuts fr~m the rib and loin are typically utilized as steaks. The objective of this 
study was to evaluate the potential for developing palatable steaks from underutilized 
beef muscles. Four chuck muscles (infraspinatus, triceps brachii, teres major, and 
supraspinatus) and four round muscles (rectus femoris, vastus lateralis, biceps femoris, 
and semimembranosus) were identified within three USDA quality grades (Choice, 
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Select, and Standard). Steaks from all three USDA Quality Grades were valuated by 
trained sensory panelists, while USDA Choice muscles only were evaluated by consumer 
panelists to determine treatment and quality grade effects. 
Materials and Methods 
Sub-prima/so Beef chuck and round sub-primals consisting of the shoulder clod, 
Institutional Meat Purchase Specifications (IMPS) # 114 (NAMP, 1997); chuck tender, 
IMPS #116B (NAMP, 1997); knuckle IMPS #167A (NAMP, 1997)· inside round, IMPS 
#169A (NAMP, 1997); and outside round, IMPS #171B (NAMP, 1997) were obtained 
from a federally inspected beef processing plant in Dodge City, Kansas and shipped to 
the Food and Agricultural Products Center (FAPC) at Oklahoma State University. 
Sample sizes within each quality grade consisted of: shoulder clod n = 35; chuck tender, 
n = 35; knuckle, n = 30; inside round, n = 20; and outside round, n = 20. Upon arrival, 
the sub-primals were fabricated. into individual muscles and completely denuded of fat 
and visible connective tissue using a Townsend skinner (Townsend ngineering 0., 
Des Moines IA). Individual muscles were then vacuum packaged and tored in a 4° 
cooler until transport to National Steak and Poultry (N P) in Owas 0, Oklahoma for 
further processing. 
Fabrication, Marination and Tenderization of Steaks. Muscles were randomly 
segregated i~to two groups (a treated group and a control group) to obtain an equal 
representation of each muscle per treatment. The treated muscles were mechanically 
tenderized, twice, utilizing a ROSS needle tenderizer (Ross Industries, Inc., Midland, 
VA). The treated muscles were then cut into 0.2 kg steaks and marinated for two 6-min 
cycles in a vacuum tumbler. The marinade consisted of water, Aspergillus oryzae 
21
 
(tenderizer), and salt with an overall ab orption of 12% of the original muscle raw 
weight. The control muscles were fabricated into 0.2 kg steaks and vacuum packaged. 
All steaks were then individually vacuum-packaged and allowed to reach 21 d of aging 
(combined age for sub-primal and steak) in a 4°C cooler before being frozen at -30°C. 
After the samples were completely frozen they were stored at -10° . 
Consumer Panel. The consumer panel evaluations were held on three consecutive 
evenings, in a restaurant setting, at Taylor Dining (Human Environmental Science 
Building on the Oklahoma State University Campus). Panelists were recruited by flyers 
and mailings. Before being served, panelists were asked to answer a series of questions 
pertaining to their demographic makeup and steak purchasing habits. The panelists were 
then served a meal consisting of a salad, vegetable, bread, and three unseasoned steak 
samples, followed by dessert. All steaks were cooked to 70°C (medium degree of 
doneness) on a commercial flame-broil grill located on site. The steak samples consisted 
of a treated portion, a non-treated potion of the same muscle, and a portion of untreated 
Certified Angus Bee~ (CAB ) op loin steak that had been aged for 21 days postmortem. 
Each sample weighed approximately 99 g. Panelists ranked the steaks using a nine-point 
scale for overall like, flavor, juiciness, tenderness and a five-point scale for purchase 
intent (overall like and flavor: 1 = extremely dis.like, 9 = extremely Like; juicine s: 1 = 
extremely drx, 9 = extremely juicy; tenderness: 1 = extremely tough, 9 = extremely 
tender; purchase intent: 1 = definitely would not buy, 5 = definitely would buy). 
Trained Sensory Panel. Trained sensory panel evaluations took place over an 
eight-d period. Potential panelists were trained according to American Meat Science 
Association (1995) guidelines. During sensory analysis, two separate trained panel 
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groups (consisting of six to eight panelists) evaluated samples twice daily. Panelists were 
asked to evaluate samples for tenderness, juiciness, connective tissue amount, and overall 
acceptability using an eight-point scale, and uncharacteristic flavor using a four-point 
scale (tenderness: 1 = extremely tough, 8 = extremely tender; juiciness: I= extremely dry 
8 = extremely juicy; connective tissue amount: 1 = abundant, 8 = none; overall 
acceptability: 1 = extremely undesirable, 8 = extremely desirable; uncharacteristic flavor: 
I = extremely uncharacteristic, 4 = none). Steaks were cooked to an internal temperature 
of 70°C on a flame-broil grill (Model RB-846-C, Rankin [nc., Whittier, CA). The 
evaluations took place at the FAPC sensory test room in individual sensory booths under 
red lights. Panelists were given unsalted crackers and water to cleanse their pallets 
between each sample. 
Statistics. Trained sensory panel data were blocked by muscle and analyzed using 
feast squares analysis of variance (pROC GLM; SAS Institute, Cary, NC). The model 
included treatment, quality grade, and interactions to evaluate their effect on sen ory 
attributes. Means were separated using least significant difference. Con umer panel data 
were analyzed using least squares analysis of variance (PROC GLM; SAS Institute, Cary, 
NC). Model included muscle and treatment to evaluate their effect on sensory attributes. 
Means were separated using least significant difference. 
Results and Discussion 
Consumer Panel 
Consumer panel demographic infonnation is presented in Tables 1 and 2. Least 
squares means for consumer panel responses, excluding CAB steaks, are presented in 
Table 3. Steaks fabricated from the infraspinatus, rectus femoris, and teres major 
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received the highest (P < 0.01) overall acceptability and tenderness ratings whereas the 
vastus lateralis had the lowest overall acceptability scores among aU fiU c1es evaluated. 
Tenderness data for the infraspinatus are consistent with the findings of ecchi et aI. 
(1988); Patterson and Parrish (1986); McKeith et aI. (1985); and Ramsbottom and 
Strandine (1948) which showed the infraspinatus to be the mo t tender chuck muscle 
evaluated in each study by shear force and/or trained sensory panel. The vastus lateralis, 
biceps femoris, semimembranosus, and supraspinatus received the lowest (P < 0.0]) 
tenderness ratings among all steaks evaluated by consumers. Steaks from the 
infraspinatus, teres major, biceps femoris, and rectus femoris each received mean .flavor 
scores of 6 or higher indicating "slightly like", with the infraspinatus receiving the 
highest scores of all muscles sampled (P < 0.05). However, mean flavor scores for the 
teres major, biceps femoris, and rectus femoris were not significantly different from those 
received by the triceps brachii, semimembranosus, and supraspinatus, which all received 
scores indicating "neither like nor dislike". Steak from the infraspinatus rec ived the 
highest juiciness scores while gteaks from the vastus lateralis receiv d the lowe t. 
Juiciness scores among the remaining muscles were not significantly differ nt. Purchase 
intent scores were highest (P < 0.0 I) for infraspinatus teak, whereas the vastus lateral is, 
triceps brachii, and biceps femoris steaks received the lowest purchase intent scores by 
consumers. 
The effect of treatment on consumer evaluations is presented in Table 4. Treated 
steaks from the eight muscles ranked significantly higher (P < 0.01) for all consumer 
evaluated traits when compared to their non-treated controls. These data support 
previous research, which indicates mechanical tenderization improves tenderness by 
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lowering shear force values and improving trained sensory panel ratings (Jeremiah et a1. 
1999; Pringle et al., 1998; Glover et al., 1977; Savell et al. 1977). Howat et al. (1983) 
reported that marination also improved the tenderness of semimembranosus st aks by 
lowering shear force values and improving trained sensory panel ratings. Previous 
research also indicates that mechanical tenderization can also improve other sen ory 
panel attributes of certain muscles. Jeremiah et a1. (1999) reported that mechanical 
tenderization improved the flavor desirability and overall palatability of certain round 
muscles, while Pringle et aI. (1998) reported that mechanical tenderization also improved 
the overall palatability scores of top sirloin steaks. These data contradict previous 
research, which suggests mechanical tenderization could lower the juiciness of steaks 
(Jeremiah et aI., 1999; Pringle et aI., 1998; Savell et aI., 1977). However, the 
improvement of juiciness scores in this study could potentially be attributed to 
marination. 
Differences in consumer responses among treated muscles and non-treated AB 
steaks are presented in Table 5. Treated infraspinatus steaks significantly outperformed 
(P < 0.05) CAS® steaks in all sensory categories evaluated. All other treated muscles 
received scores that were not significantly different from non-treated AB~ steaks, 
excluding the vastus lateralis which received juiciness and tenderness core that were 
significantly lower (P < 0.05) than non-treated CAB steaks. These data indicated that 
blade tenderization and marinati.on of the muscles evaluated in this study results in 
consumer satisfaction equal to that ofCAB® top loin steaks aged for 21 d. 
Trained Sensory Panel 
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Trained sensory panel evaluations varied greatly by grade and treatment, with a 
grade by treatment interaction evident for several muscles. Generally treated steaks 
received more favorable rating than their non-treated counterparts for alJ sensory 
attributes. Grade effects varied, with USDA Choice muscles receiving higher scores in 
most instances. For muscles with quality grade by treatment interactions, treated steaks 
from USDA Choice carcasses generally received the most favorable ratings. 
Sensory tenderness scores for each muscle and treatment are presented in Table 6. 
Biceps femoris steaks had a significant treatment effect for tenderness with treated steaks 
receiving a "slightly tender" rating. Teres major steaks had a significant grade effect for 
tenderness, with USDA Standard steaks receiving higher ratings than USDA Select 
steaks. Infraspinatus, rectus femoris, semimembranosus, supraspinatus, triceps brachii. 
and vastus lateralis steaks had a grade by treatment interaction for tenderness. USDA 
Standard, non-treated infraspinatus steaks received the highest tenderness ratings, which 
were similar to scores for USDA Select, treated steaks. Panel scores were significantly 
lower for USDA Choice, control steaks which were tatistically similar to U DA elect, 
control infraspinatus steaks. Among rectus femoris muscles, USDA Choice treated 
steaks were rated highest by trained panelist, with no differences in panel score existing 
for the remaining grade and treatment combinations. Non-treated USDA Choice, Select, 
and Standard semimembranosus and triceps brachii steaks, as well as, non-treated USDA 
Choice supraspinatus and vastus lateralis steaks were ranked as "slightly tough" by 
panelists. All other muscles with a grade by treatment interaction received a mean 
tenderness rating of "slightly" or "moderately tender". 
Sensory panel scores for juiciness are presented in Table 7. Treated supraspinatus 
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steaks were juicier than their non-treated counterpart. A USDA quality grade effect on 
juiciness scores was evident for the rectus femoris and teres major. SDA Choice and 
Select rectus femoris steaks were juicier than USDA Standard steaks. SDA Sel ct and 
Standard teres major steaks were significantly drier than th ir U DA Choice counterpart. 
Among steaks with a significant grade by treatment interaction for juicines treated 
USDA Choice and Standard steaks, excluding the biceps femoris, received the highe t (P 
< 0.05) mean juiciness scores. 
" 
Trained sensory panel scores for uncharacteristic flavor ar presented in Table 8. 
USDA quality grade and treatment had no effect on the flavor scores of the infraspinatus 
and vastus lateralis. Treated semimembranosus and teres major steaks received more 
favorable ratings than their non-treated counterparts. USDA Standard biceps femoris and 
rectus femoris steaks had significantly more desirable scores than their USDA Choice 
counterparts. While significant differences exist among data for uncharacteristic flavor, 
the mean score for all muscles was 3 indicating a "slight' amount of uncharacteristic 
flavor. Frequency data among treated and non-treated teaks r vealed that 74% of bic p 
femoris, infraspinatus, and rectus femoris steaks received flavor cores of "no 
uncharacteristic flavor", while 71 % of sernimembranosu steaks, 66% of upr pinatu 
steaks, 70% of triceps brachii steaks, 76% of tere major steaks, and 67% of vastu 
lateralis steaks also received flavor scores of "no uncharacteristic flavor' . 
Connective tissue amount as rated by trained panelists, is presented in Table 9. 
Among those steaks with a significant treatment effect for connective tissue amount, 
treated steaks received higher mean scores, indicating lower amounts of detectable 
connective tissue. These findings are supported by previous research that indicates 
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mechanical tenderization lowers the amount of detectible connective tissue perceived by 
trained sensory panelists (Jeremiah et al., 1999; Pringle et al.. 1998; Savell et al. 1977). 
Detectible connective tissue amounts could also potentially be lowered by the use of 
Aspergillus oryzae. Among those steaks with a significant grade effect, USDA Choice 
and Standard received more favorable scores than steaks from USDA Select. Response 
varied greatly among muscles with a significant grade by treatment interaction for 
connective tissue. Nevertheless, infraspinatus steaks received the highest ratings while 
supraspinatus steaks received the lowest ratings among muscles with a significant grade 
by treatment interaction. 
Overall acceptance scores, as determined by sensory analysis, are present in Table 
10. Semimembranosus steaks had both a significant grade and treatment effect for overall 
acceptability. Treatment greatly improved mean acceptability SCOTes for 
semimembranosus steaks from "slightly undesirable" to "slightly desirable". These data 
are supported by the findings of Jeremiah et al. (1999), which how d that mechanical 
tenderization improved the overall palatability of score of in ide round muscles. USDA 
Choice semimembranosus steaks were rated higher (P < 0.05) than U DA tandard 
steaks and similar to USDA Select steaks. Among steaks with a significant grade by 
treatment interaction for overall acceptability, all infraspinatus and teres major steak 
received a mean score of "slightly desirable" or higher. Other muscles varied greatly by 
treatment and grade. The triceps brachii received a mean score of "undesirable" for 





While more research is needed to explore consumer and industry acceptance of 
these muscles, data show several muscles have potential as foodservice steaks. These 
data suggest that treated USDA Choice steaks, especially those isolated from the 
infraspinatus, rectus femoris, and teres major, exhibit the most potential for producing 
palatable value-added steaks, based on consumer and sensory values. Ultimately the 
value of these muscles will be based on processors willingness to isolate these muscles. 
Labor cost trim losses, and purge are factors which must be considered, along with the 
palatability ratings and shear force values, to determine which muscles can successfully 
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Table 1. Demographic data: gender age employment, education and household size of 































































2Please indicate your age by marking the appropriate blank.
 
JPlease indicate your current working status by marking the appropriate blank.
 
4Please indicate your highest level ofeducation.
 




Table 2. Demographic data: steak consumption, foodservice e tabLishmeot type nonnally visited
 
USDA quality grade eaten most, quality grade listed, degree ofdonene s steak preparation and/or
 
seasoning preferences of consumer panelist in the rudy 
[tern 
Steak consumption[ 
< 1 time / month 
1-2 times / month 
2-4 times / month 
1-2 times / week 
2-4 times / week 
Foodservice establishmen? 
Fast food chain 
Family restaurant chain 









Certified Angus beef 
Other 
Quality grade irnportance4 
No 
Yes 
















































































































IPlease indicate how often you consume steak in/from a foodservice establishment.
 
2From which one type of foodservice establishment do you purchase food most often?
 
3What USDA quality grade are the steaks that you most often eat from a foodservice e tabJjshment?
 
400 you go out of your way to eat steak in/from an estabJjshment that offers a specific quality grade?
 
SWhat degree of doneness do you usually request your steak be prepared to in foodservice
 
establishments? 






































































































































































































































































































































































































































































































































































Table 4. Least squares means for conswner responses ofall muscles by treatment 
Item Control Treated 
OveraliC 5.28 6.66 
Flavord 5.28 6.6b 
Juicinesse 5.1 8 6.3b 
Tendemessf 5.08 6.6b 
Purchaseg 2.78 3.5b 
a,6Within a row means without a common superscript letter differ (P < 0.01) 
COverall: 5 = neither like nor dislike; 6 = slightly like 
dFlavor: 5 = neither like nor dislike; 6 = slightly like 
eJuiciness: 5 = slightly dry / slightly juicy; 6 = moderately juicy 
fTenderness: 5 = slightly tough / slightly tender; 6 = moderately tender 
gPurchase: 2 = Probably would not buy if this steak were offered on foodservice menu; 3 
= Might or might not buy if this steak were offered on a foodservice menu 
Table 5. Least squares means of conswner responses for treated muscles including non­
treated Certified Angus Beef 
Sensory Characteristic 
Triceps brachii 6.9bc 6.58b 6.7bC 6.7600 
Infraspinatus 7.6c 7.4b 7.7c 7.7d 
Teres major 6.3 ob 6.5ob 5.S8b 6.7bcd 
Biceps femoris 6.4ab 6.7ob 6.4b 5.7ob 
Semimembranosus 6.7bc 6.48 6.4b 6.58bc 
Vastus lateralis 5.68 6.1 8 4.68 5.68 
Rectus femoris 6.Sbc 6.68b 6.4b 7.5cd 
Supraspinatus 6.6b 6.43 6.2b 6.200 
Certified Angus Beef 6.4ab 6.48 6.4b 6.5bc 3.58 
a,b,c,dWithin a column means without a common superscript Jetter differ (P < 0.05) 
eOverall: 5 = neither like nor dislike; 6 = slightly like; 7 = like 
fFlavor: 6 = slightly like; 7 = like 
gJuiciness: 5 = slightly dry / slightly juicy; 6 = moderately juicy; 7 = juicy 
hTendemess: 5 = slightly tough / slightly tender; 6 = moderately tender; 7 = tender 
iPurchase: 2 = Probably would not buy if this steak were offered on foodservice menu; 3 
= Might or might not buy if this steak were offered on a foodservice menu; 4 = 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Shear force determination and yield data of muscles isolated from the beef chuck 
and round 
A. T. Elam, J. C. Brooks J. B. Morgan, and F. K. Ray
 
Department of Animal Science, Oklahoma State University, Stillwater OK 74078
 
ABSTRACT: Four chuck muscles and four round muscles representing various USDA 
quality grades were evaluated to assess their potential as a value-added foodservice steak. 
from underutilized beef muscles. Individual muscles were trimmed free of visible 
connective tissue and further processed into 0.2 kg portion sized steaks. Steaks were then 
subjected to one of two rnarination treatments. Treated muscles were mechanically 
tenderized, twice, using a needle tenderizer, and their steaks were marinated for two, 6­
min cycles in a vacuum tumbler utilizing a marinade consi ting of wat r, A pergillus 
oryzae, and salt. Steaks were then allowed to reach a combined (sub-primal and steak) 
age of 21 d before further analysis. Fabrication time and yield data were collected for 
both sub-primals and steaks, and steaks were evaluated for tenderness differences via 
Wamer-Bratzler shear force detennination. Among steaks with a significant main effect 
for treatment, treated steaks had the lowest shear force values (P < 0.05). Among steaks 
with a significant grade effect, USDA Choice infraspinatus, triceps brachij, and biceps 
femoris had the lowest shear force values (P < 0.01). The rectus femoris and teres major 
muscles had a significant grade by treatment interaction for Warner-Bratzler shear force. 
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Treated USDA Standard and Choice rectus femoris and teres major steaks exhibited the 
lowest (P < 0.01) shear force values. Finally, neither treatment nor USDA quality grade 
had an effect on supraspinatus Warner-Bratzler shear force values. The supraspinatus 
had the highest yields of all sub-primals sampled. The denuded muscle yields of all 
muscles from the shoulder clod were markedly lower when compared to other sub­
primals. The semimembranosus produced the highest mean number of 0.2 kg steaks, as 
well as, the highest percentage yield of steaks. The teres major produced the lowest 
mean number of 0.2 kg steaks, while the triceps brachii had the lowest percent yield of 
steaks. Sub-primal fabrication time varied, with the shoulder clod generally taking the 
longest to fabricate. The biceps femoris and semimembranosus took the longest time to 
fabricate into steaks, but produced the highest number of 0.2 kg steaks. These data 
suggest that treated USDA Choice steaks, especially those isolated from the' 
infraspinatus, rectus femoris, and teres major, exhibit the most potential for producing 
palatable steaks based on their overall shear force values. 
Key Words: Beef, Muscle, Shear Force, Yield, Marination 
Introduction 
The weight of the wholesale beef chuck and round represents over fifty percent of 
beef carcass weight. Unfortunately, cuts from the chuck and the round have traditionally 
been of low value. and fabricated into low-priced roasts, steak or ground beef. The 
objective of this study was to evaluate the potential for developing palatable steaks from 
underutilized beef muscles. Four chuck muscles (infraspinatus, triceps brachii, teres 
major, and supraspinatus) and four round muscles (rectus femoris, vastus lateralis, biceps 
femoris, and semimembranosus) were identified. USDA quality grades (Choice, Select, 
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and Standard) were sampled to determine the effect of mechanical tenderization and 
marination on the Wamer-Bratzler shear force of steaks produced from individual 
muscles coming from the chuck and the round. Fabrication times and yield data of steaks 
produced from these muscles were also evaluated. 
Materials and Methods 
Sub-prima/so Beefchuck and round sub-primals consisting of the shoulder clod, 
Institutional Meat Purchase Specifications (IMPS) #114 (NAMP, 1997); chuck tender, 
IMPS #116B (NAMP, 1997); knuckle, IMPS #167A (NAMP, 1997); inside round, IMPS 
#169A (NAMP, 1997); and outside round, IMPS #171B (NAMP, 1997) were obtained 
from a federally inspected beef processing plant in Dodge City, Kansas and shipped to 
the Food and Agricultural Products Center (FAPC) at Oklahoma State University. 
Sample sizes within each quality grade consisted of: shoulder clod n = 35 per grade; 
chuck tender, n = 35 per grade; knuckle, n = 30 per grade; inside round, n = 20 per grade; 
and outside round, n = 20 per grade. Upon arrival, the sub-primals wer fabricated into 
individual muscles and completely denuded of fat and connective tissue using a 
Townsend skinner (TowJlsend Engineering Co., Des Moines, IA). Fabrication time and 
yield data, including purge loss, were collected. Individual muscles were then vacuum 
packaged and stored in a 4°C cooler until transport to National Steak. and Poultry (NSP) 
in Owasso, Oklahoma for further processing. 
Fabrication, Marination and Tenderization of Steaks. Muscles were randomly 
segregated into two groups (a treated group and a control group) to obtain an equal 
representation of each muscle and grade per treatment. The control muscles were 
fabricated into 0.2 kg steaks by expert cutters at NSP, and fabrication time and yield data 
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were collected. Treated muscles were mechanically tenderized, twice, utilizing a ROSS 
needle tenderizer (Ross Industries Inc. Midland, VA). The treated muscles were then 
cut into 0.2 kg steaks by expert cutters and marinated for two 6-min cycles in a vacuum 
tumbler. The marinade consisted of water, Aspergillu oryzae (tenderizer), and salt with 
an overall absorption of 12% of the original muscle raw weight. All steaks were then 
individually vacuum-packaged and allowed to reach 21 d of aging (combined age for 
sub-primal and steak) in a 4°C cooler before being frozen at -30°C. After the samples 
were completely frozen they were stored at -1 DoC. 
Shear Force Determination. Warner-Bratzler shear force was evaluated for all 
muscles, grades, and treatment groups. Thawed, 0.2 kg steaks were cooked to an internal 
temperature of 70°C on a flame-broil grill (Model RB-846-C Rankin Inc., Whittier, CA) 
within the FAPC. Samples were then allowed to coo] to room temperature (26°C) before 
coring and shearing. 1.27 em cores (approximately six: per sample) were taken parallel to 
the muscle fiber and then sheared perpendicular to the muscle fiber orientation on a 
Universal Instron Testing Machine with a Warner-Bratzler head attachment. The Instron 
utilized a erosshead speed of 200 mm/mm with a static load cell of 1 leN. 
Statistics. Shear force data were blocked by muscle and analyzed u ing I ast 
squares analysis of variance (pROC GLM; SAS Institute, Cary, NC). The model 
included treatm~nt, quality grade, and interactions to eva]uate their effect on shear force. 
Means were separated using least significant difference. Yield data were summarized 
using simple statistical parameters. Means, standard deviations, minimum values and 





Results and Discussion 
Shear Force 
Least squares means and standard errors for Warner-Bratzler shear force values of 
steaks with a significant main effect for treatment are presented in Table 11. Among 
these steaks, treated steaks had the lowest shear force values indicating improved 
tenderness. These results are consistent with data reported by Glover et aI. (1977) and 
Savell el al. (1977), which showed that mechanical tenderization lowered shear force 
values. Data reported by Howat et a1. (1983) also supports the e findings by showing 
that marination also lowers shear force values. Treated steaks from both the 
semimembranosus and triceps brachii had mean shear force values of less than 4.6 kg and 
3.9 kg, respectively. This indicates that these steaks should have a 50% and 68% chance, 
respectively, of being rated as "slightly tender" or higher by trained sensory panelists 
according to tenderness threshold values reported by Shackelford et aI. (1991). While 
values ofless than or equal to 3.9 kg are considered acceptable, mean shear force values 
obtained in this study are slightly higher than values for clod and top round teaks 
reported in the National Beef Tendemess Survey-1998 (Brooks et al., 2000). 
The biceps femoris, infraspinatus, and triceps brachii showed a significant main 
effect for USDA quality grade. Least squares means and standard errors for Warner­
Bratzler shear force values of these muscles are presented in Table 12. Among these 
muscles, USDA Choice steaks showed the lowest shear force values, while there was no 
significant difference for Warner-Bratzler shear force between USDA Select and USDA 
Standard steaks, within a muscle. Steaks isolated from the infraspinatus and triceps 
brachii had mean shear force values below the threshold of 4.6 kg, regardless of USDA 
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quality grade, while biceps femoris steaks had shear force values well above 4.6 kg. 
Infraspinatus steaks had the lowest mean shear force values of all muscles sampled, with 
values ranging from 2.68 kg for USDA Choice to 2.98 kg for U DA Standard. 
Tenderness data for the infraspinatus are consistent with the findings of Cecchi et al. 
(198 8)~ Patterson and Parrish (1986); McKeith et a1. (1985); and Ramsbottom and 
Strandine (1948) which all showed the infraspinatus to have the lowest shear force values 
of the chuck muscle evaluated in each study. Accordingly, as reported by Miller et al. 
(1998), shear force values ofless than 3.0 kg should result in 100% consumer satisfaction 
for tenderness. 
Least squares means and standard errors for Warner-Bratzler shear force values of 
muscles with a significant grade by treatment interaction are presented in Table 13. 
USDA Standard and Choice steaks from treated rectus femoris and teres major muscles 
exhibited the lowest (P < 0.01) shear force values. All mean values, excluding USDA 
Choice non-treated teres major, had a shear force value of less than 4.6 kg, while all 
treated muscles had a shear force value ofless than 3.9 kg. 
Least squares means and standard errors for Warner-Bratzler shear force values of 
the supraspinatus are presented in Table 14. Neither treatment nor USDA quality grade 
had a significant effect on supraspinatus shear force values. Mean shear force values for 
the supraspinatus ranged from 4.35 kg for treated- USDA Choice steaks, to 5.01 kg for 
treated-USDA Standard steaks. 
Yield 
Tables 15 and 16 show the percentage yield and purge loss data ofthe sub-primals 
and muscles sampled, by USDA grade. For sub-primal yield and purge data, USDA 
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Standard products wer commodity trimmed wh rea D boice and 
ere clo ely (6.35 mm) trimmed. Tabl 17 thr ugh 19 bo t ak ield data and 
fabrication tim for both sub-primal' and t . Th upra pinatu had th high t 
yields of all sub-primals sampl d ( ble 16). While shear for data sugg t bat th 
infraspinatus and teres major performed very well tb muscle repr ent a r lath~ Iy 
small portion of the shoulder clod. ccording to John net aI. (198 th infTaSpinatus 
represents approximately 5.8% of the chuck whil the teres major repr s nts only 
approximately 1.2%. The denuded rou de yields of all muscles from th shoulder clod 
were also markedly lower when compared to other ub-primals. able 16). Purge 10 
varied among the muscles sampled with mean alues appr aching 0.21 kg for th 
semimembranosus and supraspinatus. Purge 10 s values this high ould repres nt a 
substantial loss in value. 
The semimembranosus produced the high st mean number of 0.2 kg steaks, as 
well as, the highe -t percent yield of t aks. The ter maj r pr duc d th I we mean 
number of 0.2 kg teaks. The triceps brachii had the lowe t percent yield ofstea (TabI 
17). 
Sub-primal fabrication time varied, with th shoulder clod generally taking the 
longest to fabricate (Table 18). The biceps fern ris and emimembranosus t k th 
longest time to fabricate into 0.2 kg steaks ( able 19) but produced th higbest number 
of 0.2 kg steaks. Biceps femoris, triceps brachii infr' pinatus, and s mim mbranosu 
muscles proved to be the most labor-intensive fiUS les to fabricate for steak cutters, while 
tere major steaks had the shortest steak fabrication tim . It should also be n ted that 
the infraspinatus was one of th lowest yielding, most labor-intensive mu cles to 
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fabricate. However the infraspinatus pro d to b th rno t t od r muscl ampl d. 
Industry leader will need to detennine if ub-primal yi Id steak numbers, and 
fabrication times warrant fabrication of steaks from th sub-primal. 
ImpJjcatioDS 
While more research is needed to xplore con'umer and industry acceptance of 
these muscles, data show several muscles ha e potential as food ervice st ak . Thes data 
suggest that treated USDA Choice steaks, espe 'ially those i olated from th 
infraspinatus, rectus femoris, and teres major exhibit the most pot ntial for producing 
palatable value-added steaks based on their overall shear force values. These data al'o 
show that while some muscles from the round can produce large quantiti s of steaks with 
high percent yields, there are indication that other muscles may be more palatable. This 
project has focused on evaluating the potential of eight underutilized cuts for foodservice. 
However, one must realize that the beef industry must serve many markets. Muscles that 
do not perform well as enhanced foodservice steaks might do exceptionally well in pre­
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Table 11. Least squares means and standard error for Warner-BratzIer sh ar valu (kg) 
of steaks from muscles with a ignificant main effect for treatment 
Treatment 
Muscle Control Treated 
emimembranosus 4.983 ± 0.09 4.556± 0.09 
Triceps brachii 4.448 ± 0.06 3.61 b ± 0.06 
Vastu Jateralis 5.223 ± O.OS 4.80b ± O.OS 
a,6Within a row means without a common uperscript letter differ (P < 0.01) 
Table 12. Least squares means and standard errors for Warner-Bratzler shear values (kg) 
of steaks from muscles with a significant main effect for USDA quality grade 
USDA Quality Grade 
Muscle Choice Select tandard 
Biceps femoris 5.243 ±O.19 6.03b ±0.19 6.12b±0.19 
Infraspinatus 
Triceps brachii 
2.683 ± 0.06 
3.603 ± 0.07 
2.8Sb ± 0.06 
4.26b ± 0.07 
2.9Sb ± 0.06 
4.22b ± 0.07 
a,bWithin a row means without a common superscript letter differ (P < 0.01) 
Table 13. Least squares means and standard errors for Wamer-Bratzler shear values (kg) 
of steaks with a grade x treatment interaction 
USDA uali Grade 
Muscle Choice elect Standard 
Rectus femoris 
Control 3.48C ±0.16 3.0I ah ±0.17 4.46d ± 0.17 
Treated 2.993b ± 0.16 3.33bc ± 0.16 2.80° ± 0.16 
Teres major 
Control 4.73d ±0.14 3.78b ±0.10 4.13c ± 0.11 
Treated 3.33 3 ± 0.13 3,70b ± 0.10 3.403 ± 0.10 
a,6c,dMeans without a common superscript differ (P < 0.01) 
Table 14. LeaSt squares means3 and standard errors for Warner-Bratzler shear values 
(kg) of steaks from the upraspinatus 
USDA Quality Grade 
Treatment Choice elect Standard 
Control 4.76 ± 0.39 4.38 ± 0.39 4.63 ± 0.39 
Treated 4.35 ± 0.39 4.47 ± 0.39 5.01 ± 0041 
~one of the mean were statistically different. 
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Table 15. Denuded muscle yield (as a % of sub-primal wight) and amount of purge loss 
for round muscles from vari us U D quality grad 
% Yield Purge (kg) 
Muscle Mean SO Min Max 0 Min Max. 
Biceps femoris 
Choice 53.88 4.42 45.25 60.49 0.07 0.06 0.02 0.29
 
Select 61.96 3.34 57.09 66.63 0.13 0.05 0.01 0.21
 
Standard 42.10 5.32 33.82 54.42 0.15 0.07 0.05 0.29
 
Semimembranosus 
Choice 49.94 2.82 45.65 54.76 0.21 0.06 0.13 0.40 
Select 52.27 2.74 46.42 56.12 0.21 0.08 0.05 0.44 
Standard 42.27 3.03 36.54 46.81 0.17 0.09 0.00 0.32 
Rectus femoris 
Choice 25.05 2.61 18.77 29.82 0.03 0.02 0.00 0.08 
Select 24.59 2.33 18.05 27.90 0.04 0.08 0.00 0.34 
Standard 23.54 2.07 19.41 28.16 0.07 0.08 0.00 0.34 
Vastus lateralis 
Choice 34.62 1.99 31.27 39.41 0.03 0.02 0.00 0.08 
Select 34.39 1.12 32.25 36.30 0.04 0.08 0.00 0.34 
Standard 30.64 2.16 25.52 34.92 0.07 0.08 0.00 0.34 
Table 16. Denuded muscle yield (as a % of sub-primal weight) and amount of purge loss 
for chuck muscles from various USDA quality grades 
% Yield Pur e 
Muscle Mean SO Min Max Mean D Max 
Infraspinatus 
Choice 15.48 2.11 ]2.51 19.98 0.11 0.05 0.03 0.21 
Select ]7.83 1.96 14.33 21.43 0.15 0.08 0.03 0.3 ] 
Standard 15.31 2.25 10.89 19.82 0.15 0.09 0.00 0.30 
Triceps brachii 
Choice 26.02 2.48 21.01 29.64 0.11 0.05 0.03 0.21 
Select 27.25 2.01 23.26 30.40 0.15 0.08 0.03 0.31 
Standard 27.10 2.42 23.14 33.23 0.15 0.09 0.00 0.30 
Teres major 
Choice N/A N/A N/A /A N/A /A N/A N/A 
Select . 3.04 0.60 1.98 4.00 0.15 0.08 0.03 0.31 
Standard 3.27 0.65 2.00 4.97 0.15 0.09 0.00 0.30 
Supraspinatus 
Choice 83.47 4.26 74.89 88.85 0.00 0.00 0.00 0.00 
Select 83.76 2.23 81.19 86.84 0.19 0.06 0.08 0.27 
Standard 71.13 3.78 66.21 77.20 0.20 0.15 0.09 0.54 
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Table 17. Steak yield and number of 0.2 kg steak from each denuded muscle 
teak yield, % of denuded umber of 0.2 kg steaks 
musd obtained 
Muscle Mean D Min Max Mean D Min Max 
Biceps femoris 81.56 3.97 70.73 87.88 15.60 2.49 12.00 21.00 
Infraspinatus 60.10 9.03 36.84 76.19 5.17 1.15 3.00 7.00 
Rectus femoris 82.20 9.12 50.00 100.00 4.53 1.07 2.00 6.00 
Semimembranosus 87.45 4.07 80.00 94.34 20.67 2.70 16.00 27.00 
Supraspinatus 82.31 6.76 68.75 93.33 4.87 0.86 4.00 7.00 
Teres major 63.61 14.95 44.44 100.00 1.07 0.25 1.00 2.00 
Triceps brachii 46.00 4.26 35.13 54.79 6.70 0.92 5.00 9.00 
Vastus lateralis 85.47 7.36 64.71 94.12 6.73 1.20 4.00 9.00 
Table 18. Fabri.cation time for sub-primal fabrication into denuded muscles 
Fabrication time (s) 
Sub-primal Mean SD Min Max 
Outside round 94.60 16.01 60.00 117.00 
Inside round 238.60 24.75 210.00 286.00 
Shoulder clod 238.80 57.35 148.00 349.00 
Knuckle 120.22 18.05 96.00 157.00 
Table 19. Fabrication times for denuded mu de fabrication into steaks 
Fabrication time (s) 
Muscle Mean D Min Max 
Biceps femoris 151.30 31 .04 102.00 230.00 
Infraspinatus 105.13 19.12 64.00 151.00 
Rectus femoris 45.53 16.41 16.00 86.00 
Semimembranosus 130.30 21.52 94.00 183.00 
Supraspinatus 32.30 8.22 3.00 44.00 
Teres major 18.47 9.53 0.00 37.00 
Triceps brachii 115.63 22.40 71.00 169.00 
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ABSTRACT: Individual beef chuck and round muscles representing various USDA 
quality grades (Choice, Select, and Standard) were evaluated to detennine the chemical 
properties of these muscles among differing USDA quality grades. Four chuck muscles 
(infraspinatus, triceps brachii, teres major, and supraspinatus) and four round muscles 
(rectus femoris, vastus lateralis, biceps femoris, and semimembranosus) were utilized in 
this study. Individual muscles were trimmed free of visible connective tissue and further 
processed into 0.2 kg portion sized steaks. Proximate analysis samples were obtained 
from each muscle and grade to determine moisture, fat and protein content. Generally 
speaking, moisture and protein levels of the chuck' and round muscles were typical, with 
moisture ranging from 73.04% to 76.96% and protein ranging from 19.59% to 23.75%. 
There was an inverse relationship between percentage fat and percentage moisture, with 
fat being the most variable component analyzed. Among all muscles analyzed, there was 
a significant grade effect for percentage fat. Fat levels ranged from 1.15% to 7.15%. 
Typically, muscles receiving higher trained sensory panel and consumer panel scores also 
had higher fat contents. 
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Key Words: Beef, Chuck Proximate Analysis Moisture Protein, Fat 
Introduction 
Muscle is composed of four major components: moisture fat, protein, and mineral 
(ash). Of these components, moisture is the most abundant followed by protein fat and 
ash respectively. While fat is typically found in relatively small proportions compared to 
the other components of muscle it is often the most variable component of muscle. The 
perception of fat, with respect to consumers, is also highly variable. Some consumers see 
fat, specifically intramuscular fat or marbling, as a sign of high quality, while other 
consumers see any fat as unhealthy. It will become more important for the beef industry 
to strategically market different cuts and quality grades of beef to those two distinct 
markets. However, the challenge will be to maintain a consistent, high quality, and 
flavorful product. The objective of this research was to determine the chemical 
composition of eight different beef muscles and how they might vary among various 
USDA quality grades. 
Materials and Methods 
Sub-primaL\'. Beef chuck and round sub-primals consisting of the shoulder clod, 
Institutional Meat Purchase Specifications (IMPS) #114 (NAMP, 1997); chuck tender, 
IMPS #116B (NAMP, 1997); knuckle, IMPS #167A (NAMP, 1997); inside round, IMPS 
#169A (NAMP, 1997); and outside rOWld, IMPS #171B (NAMP, 1997) were obtained 
from a federally inspected beef processing plant in Dodge City, Kansas and shipped to 
the Food and Agricultural Products Center (FAPC) at Oklahoma State University. 
Sample sizes within each quality grade consisted of: shoulder clod, n = 35 per grade; 
chuck tender, n = 35 per grade; knuckle, n = 30 per grade; inside round, n = 20 per grade; 
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and outside round, n = 20 per grade. Upon arrival, the sub-primals were fabricated into 
individual muscles and completely denuded of fat and connective tissue using a 
Townsend@ skinner (Townsend Engineering Co., Des Moines, IA). Individual muscles 
were then vacuum packaged and stored in a 4°C cooler until transport to National Steak 
and Poultry (NSP) in Owasso, Oklahoma for further processing. 
Fabrication. Muscles were randomly segregated into two groups (a treated group 
and a control group) to obtain an equal representation of each muscle and grade per 
treatment. The control muscles were fabricated into 0.2 kg steaks by expert cutters at 
NSP, and samples for proximate analysis were randomly selected from 10 control 
muscles per USDA quality grade. All samples were individually packaged and frozen at 
-30°C. After the samples were completely frozen they were stored at -10°C until further 
analysis. 
Proximate Analysis. Proximate analysis procedures were carried out on samples 
taken from non-treated muscles, within three USDA quality grades (Choice, Select and 
Standard) to determine the moisture, fat, and protein content. Moisture, fat, and protein 
determination were preformed in duplicate on powdered sample from each muscle. 
Samples were powdered in a refrigerated room by individually submerging frozen 
samples in liquid nitrogen and then pulverizing those samples in a Waring Commercial 
Blender (Model 31 BL46, Waring Products Division Dynamic Corporation of America, 
New Hartford, CT.). 
Moisture analysis was detennined using an Association of Official Analytical 
Chemists (AOAC, 1980) approved procedure where samples were dried at 100°C for 24 h 
in an oven (Model 655F, Fisher Scientific, Pittsburgh, PA). Moisture values were 
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calculated using the equation: 
%Moisture = (wet wt. - dry wt.)/ (wet wt. - thimble wt.) x 100 
Fat analysis was detennined using modified Goldfish SoxhJet ether extraction (AOAC, 
1980). Lipid values were determined using the equation: 
% Fat = (dry wt. - extracted wt.)/ (wet wt. - thimble wt.) x 100 
Finally, protein was detennined by a direct combustion nitrogen determinator (Model FP­
428, LECO Corporation, St. Joseph, MI). 
Statistics. Proximate analysis data were analyzed using least squares analysis of 
variance (PROC GLM; SAS Institute, Cary, NC). Model included muscle and quality 
grade to evaluate their effect on the percentage moisture, protein and fat. Means wer 
separated using least significant difference. 
Results and Discussion 
Tables 20 and 21 show the relative differences of moisture, fat, and protein, 
among the different muscles, according to USDA quality grade. Mean moisture and 
protein levels fell within the "normal" ranges, with moisture ranging from 73.04% to 
76.96% and protein ranging from 19.59% to 23.75%. 
F<) was the most variable component analyzed, with mean fat levels ranging from 
1.15% to 7.15%. There was an inverse relationship between percentage fat and 
percentage moisture. These findings are in agreement with the data presented by Cecchi 
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et al. (1988), which suggested that moisture and fat levels are highly inversely related. 
Mean moisture and fat levels in this study differ from those reported by Von Seggem 
(2000) and the USDA national nutrient database (USDA, 2002). Lower fat levels and 
higher moisture levels were found in this study when compared to the other two reports. 
However, the numbers reported by the USDA which most closely resemble the muscles 
and fat levels used in our study, are based on cooked samples which would undoubtedly 
effect nutrient levels. 
There was a significant grade effect for percentage fat among aU muscles 
analyzed with USDA Choice muscles typically having higher percentage fat levels. This 
excludes the teres major and triceps brachii muscles which both had mean fat levels 
higher for USDA Select muscles. Typically, muscles with higher fat contents received 
more favorable trained sensory panel and consumer panel scores during the 
corresponding phases of this project. This is in direct agreement with the data presented 
by McKeith et aI. (J 985) which showed of the muscles evaluated in their study, the four 
muscles with the highest fat contents were rated as the most tender and flavorful by 
sensory panelists, suggesting a relationship between fat content and palatability. 
The chemical composition of beef chuck muscles are presented in Table 20. The 
chemical composition of beef round muscles are presented in Table 21. Excluding the 
infraspinatus, which had the highest mean percentage fat of all muscles sampled, the 
mean fat contents of the rerna' ning muscles are not dissimilar. This contradicts the 
findin~ of Brackebusch et al. (1991) and McKeith et al. (1985) which both suggested -.... 




With consumers becoming more health conscious everyday, identifying the 
chemical composition of various beef muscles wilJ become more and more important. 
The known chemical composition of various beef chuck and round muscles along with 
Wamer-Bratzler shear force and sensory data will help the beef industry better utilize and 
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Table 20. Least squares means and standard errors for moisture, fat, and protein content 
ofmuscles isolated from the beef chuck 
USDA Quality Grade 
Muscle Choice Select Standard 
Infraspinatus 
%Moisture 72.64
8 ± 0.44 73.043 ± 0.44 75.02b ± 0.44 
%Fat 
%Protein 
7.] 53 ± 0.52 
19.593 ± 0.19 
5.758 ± 0.52 
20.51 b ± 0.19 
4.17b ± 0.52 




74.838 ± 0.24 
3.163± 0.18 
75.228 ± 0.28 
3.158 ± 0.21 
76.81 b ± 0.28 
1.37b ± 0.21 





74.5]3 ± 0.35 
3.823 ± 0.35 
23.223 ± 0.21 
73.888 ± 0.27 
4. ]3 8 ± 0.27 
23.558 ± 0.16 
75.97b ± 0.27 
1.84b ± 0.27 
22.00b ± 0.16 
Triceps brachii 
% Moisture 76.303b ± 0.33 75.673 ± 0.25 76.96b ± 0.26 
%Fat l.4]a ±0.19 2.30b ±0.14 1.153 ±0.14 
%Protein 21.32 ± 0.34 21.96 ± 0.25 21.78 ± 0.26 
a,bWithin a row means without a common superscript letter differ (P < 0.01) 
Table 21. Least squares means and standard errors for moisture, fat, and protein content 
of muscles isolated from the beef round 
USDA Quality Grade 
Muscle Choice Select Standard 
Biceps femoris 
%Moisture 73.143 ± 0.22 73.63 3 ± 0.23 74.30b ± 0.23 
%Fat 3.403 ± 0.26 2.61 b ± 0.27 2.45b ± 0.27 
%Protein 22.723 ± 0.24 21.98b ± 0.25 22.983 ± 0.25 
Rectus femoris 
%Moisture 74.693 ± 0.25 75.303 ± 0.31 76.51 b ± 0.25 
%Fat 3.433 ± 0.20 2.36b ± 0.25 1.1Oc ± 0.20 
%Protein 21.74 ± 0.24 21.67 ± 0.30 22.32 ± 0.24 
Semimembranosus 
%Moisture 74.05 ± 0.25 74.19 ±0.24 74.58 ± 0.26 
o/¥"at 2.51 3 ± 0.23 1.40b ± 0.22 1.41 b ± 0.25 
%Protein 22.683 ± 0.22 23.18ab ± 0.21 23.7Sb ± 0.23 
Vastus lateralis 
%Moisture 74.123 ± 0.25 75.64b ± 0.18 76.12b ± 0.24 
%Fat 3.253 ±0.20 2.23b ± 0.14 1.32c± 0.19 
%Protein 21.85 ± 0.30 22.56 ± 0.29 21.88 ± 0.22 













CONSUMER SENSORY QUESTIONNAIRE 
Please Fill Out The Following Information. Panelist umber: _ 
1. Please indicate your age by marking the appropriate blank: 
__ Under 20 years __ 30-39 years __ 50-59 years 
__ 20-29 years 40-49 years __ 60 years or older 
2. Please indicate your household size, including yourself: 
1 __ 3 __ 5 
__ 2 4 6 or more 
3. Please indicate your current working status by marking the appropriate blank: 
Student Not employed __ Part-time Full-time 
4. Please indicate your gender: 
__ Female Male 
5. Please indicate how often you consume steak in/from a foodservice e tablishment: 
< 1 time / month 1-2 times / month 2-4 times / month 
-- 1-2 times / week 2-4 times / week --> 5 times / week 
6. Please indicate your highest level of education:
 
__Elementary school Junior high/middle school High school
 
__College/university Graduate school, professional degree, etc.
 
7. From which one type of foodservice establishment do you purchase food most often?
 
__Fast food chain (McDonald's, Taco Bell, Subway, etc)
 
__F.amily restaurant chain (Denny's, Perkins, IHOP)
 







Cafeteria (Furr's, Luby's, etc.) 
__Ethnic (Chinese, Thai, Mexican, Italian) 
__Fine Dining (Ruth s Chris, 501 Ranch, Freddie's Steakhouse) 
__.Bakery (St. Louis Bread Co., Manhattan Bagel Co.) 
8. What USDA quality grade are the steaks that you most often eat from a foodservice 
establishment? 
Don't know- ­ Prime Choice 
__ Certified Angus Beef Other (please list) 
9. Do you go out of your way to eat steak in or from an establishment that offers a 
specific quality grade? 
No Yes 
10. What degree of doneness do you usually request your steak to be prepared to in 
foodservice establishments? 
__Very Rare (insjde is almost raw and cool) 
__Rare (inside is red and cool) 
__.Medium rare (inside is pink-to-red and warm) 
__Medium (some pink inside) 
__Medium well (very little pink inside) 
__Well done (cooked throughout; no pink inside) 
__Very well done (almost charred on the outside; no pink inside) 
11. How do you prefer to eat your steak from a foodservice establishment? 
__Plain
 
__Seasoned (such as salt and pepper on the surface)
 
__Marinated (flavor throughout the steak)
 
With butter 




12.	 Listed below are some factors you might consider when deciding if you would eat 
the same steak: again in or from a foodservice establishment. Please assign a number 
to each factor that corresponds to how important the factor is in your decision to eat 
the same steak again. 
1 =very important 2 = important 3 = not important 
__Tenderness __Steak: thickness __Amount of fat on the edge(s) 
__Amount of flavor Juiciness __Cooked to correct doneness 































Tenderness Flavor Juiciness Degree of 
Doneness 
Fat (edges) Price Thickness 




CONSUMER SENSORY EVALUATION 
SAMPLE #1
 
PANELIST NUMBER: _ SAMPLE NUMBER: _ 
1. Indicate, by placing a mark in the box, your OVERALL LIKEIDISLIKE of this 
sample. 
D o o D D o o o D
 
Dislike Neither Like 
extremely like nor dislike extremely 
2. Indicate, by placing a mark in the box, your LIKEfDISLIKE of the FLAVOR of this 
sample. 
D o '0 o D D D D D
 
DisJjke Neither Like 
extremely like nor dislike extremely 
3. Indicate, by placing a mark in the box, the JUICINESS of this sample. 
D D D D 0 0 D D D
 
Very Slightly dry/ Very 
dry slightly juicy juicy 
4. Indicate, by placing a mark in the box, the TENDERNESS of thi sample. 
D DOD D D D D D
 
Very SLightly tough! Very 
tough slightly tender tender 
5. lfthis steak were offered to you on a foodservice menu, would you purchase it? 
D D D D D

Definitely Probably Might/might Probably Definitely 









BOOTH# _ DATE: TIME: AMlPM
 
Sample Tenderness Juiciness Connective Uncharacteristic Overall Comments 




















Overall Acce tabth 
.. 
8 Extremely tender 8 Extremely juicy 8 Extremely desirable 
7 Very tender 7 Very juicy 7 Moderately desirable 
6 Moderately tender 6 Moderately juicy 6 De irable 
5 Slightly tender 5 Slightly juicy 5 Slightly desirable 
4 Slightly tough 4 Slightly dry 4 Slightly undesirable 
3 Moderately tough 3 Moderately dry 3 Undesirable 
2 Very tough 2 Very dry 2 Moderately unde irable 
1 Extremely tough 1 Extremely dry 1 Extremely undesirable 
Connective Tissue Amount Uncharacteristic Flavor 
8 None 4 None 
7 Practica])y none 3 Slight 
6 Traces 2 Moderate 
5 Slight 1 Extremely uncharacteristic 
4 Moderate 
3 Slightly Abundant 





Table 22. Least squares means of consumer responses for non-treated muscles including 
Certified Angus Beef 
Sensory Characteristic 
a,b,c,d,eWithin a column means without a common superscript letter differ (P < 0.05) 
fOverall: 4 = slightly dislike; 5 = neither like nor dislike; 6 = slightly like 
gFlavor: 4 = slightly dislike; 5 = neither like nor dislike; 6 = slightly like 
hJuiciness: 4 = moderately dry; 5 = slightly dry / slightly juicy; 6 = moderately juicy 
iTendemess: 3 = tough; 4 = moderately tough; 5 = slightly tough / slightly tender- 6 = 
moderately tender 
jPurchase: 2 = Probably would not buy if this steak were offered on foodservice 
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Consumer Evaluation 
Item Response 
Overall Neither like nor dislike 
Flavor Slightly like 
Jui.ciness Slightly dry / slightly juicy 
Tenderness Slightly tough / slightly tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Item USDA Choice USDA Select USDA Standard 
Tenderness Slightly tender Slightly tender Slightly tender 
Juiciness Slightly juicy Slightly juicy Slightly dry 
Uncharacteristic FLavor Slight Slight Slight 
Connective Tissue Amount Slight Moderate Moderate 
Overall Acceptability Slightly undesirable Slightly undesirable Slightly undesirable 
Trained Sensory Evaluation by Treatments 
Item Non-treated Treated 
Tenderness Slightly tough Slightly tender 
Juiciness Slightly dry Slightly juicy 
Uncharacteristic Flavor Slight light 
Connective Tissue Amount Moderate Ught 
Overall Acceptability Slightly undesirable Slightly undesirable 
Proximate Analysis 
Item Choice Select Standard 
% Moisture 73.14 73.63 74.30 
% Fat 3.40 2.6] 2.45 
% Protein 22.72 21.98 22.98 
Yield Data 
% Yield of Sub-primal Purge (lb) 
Quality Grade Mean SD Min Max Mean SD Min 
Choice 53.88 4.42 45.25 60.49 0.16 0.14 0.04 0.64 
Select 61.96 3.34 57.09 66.63 0.29 0.12 0.02 0.46 
Standard 42.10 5.32 33.82 54.42 0.33 0.16 0.12 0.64 
Steak Yield nata 
Item Mean SD Min Max 
# of 7 oz steaks 15 ..60 2.49 12.00 21.00 
% yield of steaks 81.56 3.97 70.73 87.88 
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Flavor Slightly like 
Juiciness Very juicy 
Tenderness Very tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Choice USDA Select USDA Standard 
Tenderness Moderately tender Moderately tender Moderately tender 
Juiciness Slightly juicy Slightly juicy Moderately juicy 
Uncharacteristic Flavor Slight Slight SHght 
Connective Tissue Amount Slight Traces Traces 
OveraU Acceptability Slightly desirable Desirable Desirable 
Trained Sensory Evaluation by Treatments 
Response 
Item Non-treated Treated 
Tenderness Moderately tender Moderately tender 
Juiciness Moderately juicy Moderately juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount Slight Traces 
Overall Acceptability Slightly Desirable Slightly Desirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 72.64 73.04 75.02 
% Fat 7.15 5.75 4.17 
% Protein 19.59 20.51 20.73 
Yield Data 
% Yield of Sub-primal Purge Ob) 
Quality Grade Mean SD Min Max Mean SD Min Max 
Choice 15.48 2.11 12.51 19.98 0.24 0.11 0.06 0.46 
Select 17.83 1.96 14.33 21.43 0.32 0.17 0.06 0.68 
Standard 15.31 2.25 10.89 19.82 0.32 0.20 0.00 0.66 
Steak Yield Data 
Item Mean SD Min Max 
# of 7 oz. Steaks 5.17 1.15 3.00 7.00 
% Yield of Steaks 60.10 9.03 36.84 76.19 








UD s.ao 1ID 4DO UID 5.00 e..ao e.oo IJD ...0 ~ .00 •• 
... , __ ......IIWft.. ) ~PoIa"''''1 
Consumer Evaluation 
Item Response 
Overall Slightly like 
Flavor Slightly like 
Juiciness Slightly dry / slightly juicy 
Tenderness Moderately tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Choice USDA Select USDA Standard 
Tenderness Moderately tender Slightly tender Slightly tender 
Juiciness Slightly juicy Slightly juicy Slightly dry 
Uncharacteristic Flavor Slight Slight Slight 
Connective Tissue Amount Slight Slight Slight 
Overall Acceptability Slightly desirable Slightly desirable Slightly undesirable 
Trained Sensory Evaluation by Treatments 
Response 
Item Non-treated Treated 
Tenderness Slightly tender lightly tender 
Juiciness Slightly juicy Slightly juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount SLight Slight 
Overall Acceptability Slightly desirable Slightly de irable 
Proximate Analysis 
USDA" Quality Grade 
Item Choice Select Standard 
% Moisture 74.69 75.30 76.51 
%.Fat 3.43 2.36 1.LO 
% Protein 21.74 21.67 22.32 
Yield Data 
% Yield of Sub-primal Purge (lb) 
Quality Grade Mean SD Min Max M.ean SD Min Max 
Choice 25.05 2..6L ]8.77 29.82 0.07 0.05 0.00 0.18 
Select 24.59 2.33 18.05 27.90 0.09 0.17 -0.02 0.76 
Standard 23.54 2.07 19.41 28.16 0.15 0.17 -0.04 0.76 
Steak Yield Data 
Item Mean SD Min Max 
# of 7 oz. Steaks 4.53 L.07 2.00 6.00 
% Yield of Steaks 82.20 9.12 50..00 100.00 
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Consumer Evaluation 
Hem Response 
Overall Neither like nor dislike 
Flavor Neither like nor dislike 
Juiciness Slightly dry / slightly juicy 
Tenderness Slightly tough / slightly tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Choice USDA Select USDA Standard 
Tenderness Slightly tender Slightly tender SHghtly tender 
Juiciness Slightly juicy Slightly dry Slightly juicy 
Uncharacteristic Flavor Slight Slight Slight 
Connective Tissue Amount Slight Slight Slight 
Overall Acceptabili!y Slightly undesirable Slightly undesirable Slightly undesirable 
Trained Sensory Evaluations by Treatments 
Response 
Item Non-treated Treated 
Tenderness Slightly tough Slightly tender 
Juiciness Slightly dry Slightly juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount Slight Slight 
Overall Acceptabili!y Slightly undesirable Slightly desirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 74.05 74.19 74.58 
% Fat 2.51 1.40 1.14 
% ProteiD 22.68 23.18 23.75 
Yield Data 
% Yield of Sub-primal Purge Ob) 
Quality Grade Mean SD Min Max Mean SD Min 
Choice 49.94 2.82 45.65 54.76 0.47 0.14 0.28 0.88 
Select 52.27 2.74 46.42 56.12 0.46 0.18 0.10 0.96 
Standard 42.27 3.03 36.54 46.81 0.37 0.20 0.00 0.7 
Steak Yield Data 
Item Mean SD Min Max 
# of 7 oz. Steaks 20.67 2.70 16.00 27.00 
% Yield of Steaks 87.45 4.07 80.00 94.34 










Overall Slightl.y like 
Flavor Neither like nor dislike 
Juiciness Slightly dry / slightly juicy 
Tenderness Slightly tough / slightly tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Cboice USDA Select USDA Standard 
Tenderness Slightly tender Slightly tender Slightly tender 
Juiciness Slightly juicy Slightly dry Slightly juicy 
Uncharacteristic Flavor Slight Slight Sligbt 
Connective Tissue Amount Slight Slight Moderate 
Overall Acceptability SI ightly undesirable Slightly undesirable Slightly undesirable 
Trained Sensory Evaluations by Treatment 
Response 
Item Non-treated Treated 
Tenderness Slightly tender lightly tender 
Juiciness Slightly dry Slightly juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount Moderate Slight 
Overall Acceptability Slightly undesirable Slightly undesirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 74.83 75.22 76.81 
% Fat 3.16 3.]5 1.37 
% Protein 21.42 21.92 21.38 
Yield Data (n =5) 
% Yield Purge (Ib) 
Quality Grade Mean SD Min Max Mean SD Min 
Choice 83.47 4.26 74.89 88.85 0.00 0.00 0.00 0.00 
Select 83.76 2.23 81.19 86.84 0.41 0.13 0.18 0.60 
Standard 71.13 3.78 66.2] 77.29 0.45 0.33 0.20 1.] 8 
Steak Yield Data 
Item Mean SD Min Max 
# of 7 oz. Steaks 4.87 0.86 4.00 7.00 
% Yield of Steaks 82.31 6.76 68.75 93.33 
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Overall Neither like nor dislike 
Flavor Neither like nor dislike 
Juiciness Slightly dry I slightly juicy 
Tenderness Slightly tough / slightly tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Choice USDA Select USDA Standard 
Tenderness Slightly tender Slightly tough Slightly tender 
Juiciness Slightly juicy Slightly juicy Slightly juicy 
Uncharacteristic Flavor Slight Slight Slight 
Connective Tissue Amount Slight Moderate Slight 
Overall Acceptability Slightly desirable Slightly undesirable Slightly desirabl.e 
Trained Sensory Evaluations by Treatment 
Response 
Item Non-treated Treated 
Tenderness Slightly tough Moderately tender 
Juiciness Slightly dry lightly juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount Moderate Slight 
Overall Acceptability Slightly undesirable Slightly desirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 76.30 75.67 76.96 
% Fat 1.41 2.30 Ll5 
% Protein 21.32 21.96 21.78 
Yield Data 
% Yield of Sub-primal Purge (Ib) 
Quality Grade Mean SD Min Max Mean SO Min Max 
Choice 26.02 2.48 21.01 29.64 0.24 O. I I 0.06 0.46 
Select 27.25 2.01 23.26 30.40 0.32 0.17 0.06 0.68 
Standard 27.10 2.42 23.14 33.23 0.32 0.20 0.00 0.66 
Steak Yield Data. 
Item MeaD SD MiD Max 
# of 7 oz. Steaks 6.7 0.92 5.00 9.00 
% Yield of Steaks 46.00 4.26 35.13 54.79 
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Consumer Evaluation 
Item Response 
Overall SHghtly like 
Flavor Slightly like 
Juiciness Slightly dry / slightly juicy 
Tenderness Moderately tender 
Purchase Intent Might or might not buy 
Trained Sensory Evaluation by Grade 
Response 
Item. USDA Choice USDA Select USDA Standard 
Tenderness Moderately tender Moderately tender Moderately tender 
Juiciness Moderately juicy Slightly juicy Slightly juicy 
Uncharacteristic Flavor Slight Slight Slight 
Connective Tissue Amount Slight Slight Slight 
Overall Acceptability Slightly desirable Slightly desirable Slightly desirable 
Trained Sensory Evaluation by Treatments 
Response 
Item Non-treated Treated 
Tenderness Moderately tender Moderately tender 
Juiciness Slightly juicy Slightly juicy 
Uncharacteristic Flavor Slight Slight 
Connective Tissue Amount Slight light 
Overall Acceptability Slightly desirable Slightly desirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 74.51 73.88 75.97 
% Fat 3.82 4.13 1.84 
% Protein 23.22 23.55 22.00 
Yield Data 
% Yield of Sub-primal Purge (lb) 
Quality Grade Mean SD Min Max Mean SD Min Max 
Select 3.04 0.60 1.98 4.00 0.32 0.17 0.06 0.68 
Standard 3.27 0.65 2.00 4.97 0.32 0.20 0.00 0.66 
Steak Yield Data 
Item. Mean SD Min Max 
# of 7 oz. Steaks 1.07 0.25 1.00 2.00 
% Yield of Steaks 63.61 14.95 44.44 100.00 













Overall Slightly dislike 
Flavor Neither like nor dislike 
Juiciness Moderately dry 
Tenderness Moderately tough 
Purchase Intent Probably would not buy 
Trained Sensory Evaluation by Grade 
Response 
Item USDA Choice USDA Select USDA Standard 
Tenderness Slightly tender Slightly tender Slightly tender 
Juiciness Slightly juicy Slightly juicy Slightly juicy 
Uncharacteristic Flavor Slight Slight Slight 
Connective Tissue Amount Slight Moderate Slight 
Overall Acceptability Slightly undesirable Slightly undesirable Slightly desirable 
Trained Sensory Evaluation by Treatments 
Response 
Item Non-treated Treated 
Tenderness Slightly tough Slightly tender 
Juiciness Slightly juicy Slightly juicy 
Uncharacteristic Flavor Moderate Slight 
Connective Tissue Amount Slight Sl.ight 
Overall Ac<:eptability Slightly undesirable Slightly desirable 
Proximate Analysis 
USDA Quality Grade 
Item Choice Select Standard 
% Moisture 74.12 75.64 76.12 
% Fat 3.25 2.23 1.32 
% Protein 21.85 22.56 21.88 
Yield Data 
% Yi.eld of Sub-primal Purge (Ib) 
Quality Grade Mean SD Min Max Mean SD Min Max 
Choice 34.. 62 1.99 31.27 39.41 0.07 0.05 0.00 0.18 
Select 34.39 1.12 32.25 36.30 0.09 0.17 -0.02 0.76 
Standard 30.64 2.16 25.52 34.92 0.15 0.17 -0.04 0.76 
Steak Yield Data 
Item Mean SD Min Max. 
# of 7 oz. Steaks 6.73 1.20 4.00 9.00 
% Yield of Steaks 85.47 7.36 64.71 94.12 
Fabrication time, s 47.07 11.76 28.00 73.00 
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